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(54) Aldehyde dehydrogenase 

(57) A new aldehyde dehydrogenase having the 
physico-chemical properties:-molecular weight: 
150.000 ± 6,000 or 230,000 ± 9.000; substrate specif i- 
clty:active on aldehyde compounds; cofactors:pyrrolo- 
quinoline quinone and heme c; optimum pH: 7.0-8.5; 
and Inhibitors: Co^*, Cu^''. Fe^"". Ni^^, Zn^*, manoio- 
doacetate and EDTA. is derived from a microorganism 
belonging to the genus Gluconobacter Said aldehyde 
dehydrogenase can be produced by cultivating a micro- 
organism of the genus Gluconobacter which is capable 
of producing an aldehyde dehydrogenase having the 
above properties, in an aqueous nutrient medium under 
aerobic conditions, disrupting the cells of the microor- 
ganism and isolating and purifying the aldehyde dehy- 
drogenase from the cell-free extract of the disrupted 
cells of the microorganism. 2-Keto-L-gulonic acid (2- 
KGA) can be produced from L-sorbosone by contacting 
L-sorbosone with (i) the aldehyde dehydrogenase in the 
presence of an electron acceptor, (ii) a Gluconobacter 
microorganism capable of producing the aldehyde 
dehydrogenase in an aqueous medium under aerobic 
conditions or (iii) a cell-free extract of said microorgan- 
ism, and in each case isolating the resulting 2rKGA from 
the reaction mixture. 
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Description 

100011 The present invention concerns a novel enzyme, namely aldehyde dehydrogenase (ADH). a P-'o^ss for pro- 
ducing ADH and a process for producing 2-keto-L-gulonic acid ( 2-KGA ) from L-sort>osone ut>l.z.ng said enzyme. 2- 

ro^oo'rsrro'^jr^^^^^^^^^^ 

NO 3907^ the miaoorganisms belonging to the genera Acetc^acter. Pseudomonas. ^ohej^h,a^^^^^ BaaU^ 
%t^hvloco^s Aerobacter, Alcaligenes. Penicillium, Candida and G/t/conobacfer are reported to be capable of effect- 
in?iTSnv^s oa F^^^ lltamura et al. (Eur. J. Appl. Microbiol.. 2, 1. ^^75 ) report that the enzj^^^^^^^^ 
L-sorbosone found in Gluconobacter melanogenus IFO 3293 requires neither a coenzyme nor an electron acceptor for 
thrde^Sment of enzyme activity. Makover et al. (Biotechnol. Bioeng. 17. 1485. 1975 ) report the presence of L-sor- 
bioSlThSenase activity in^he particulate fraction of Pseudomonas putlda ATCC 21812 and of G^uconobac^l'' 
^Z>9enus ?032BZ. They also indiSte that neither nicotinamide adenine dinucleotide (NAD) nor n.cot.nam.de ade- 
^^a!tin^Z^eDhosDhaX2 (NADP) acts as a coenzyme for the enzyme. T Hoshino et al. (Agric. Biol. Chem.. 55. 665. 
7ii?purS a^^c^^^^^ Gluconobacter melanogenus UV10. which requires 

mOOaT rSeSnte^oHhTpresent invention, microorganisms belonging to the genus <^'-^"obacter^a.e^e.^^^^^^ 
Kre closely and. as a result, it has been found that the further novel ADH which Vzes th^B c»«dat.on of L-so^ 
b^^e to 2 KGA can be obtained from said microorganisms. Furthermore, it has been found that the P"rrf^ AD" 
p^vidXth?present Invention oxidizes L-so*osone to 2-KGA in the presence of electron -^^^P^^lY^fNAD 
S chlorophenolindophenol ( DCIP ) and phenazine methosulfate ( PMS ). ferr.cyan.de or cytochrome c. but that NAD 
and oxygen are not suitable as electron acceptors. Thus, the ADH provided by the present .nventon ,s clearly 
distinct from the known L-sorbosone dehydrogenase. u- u i ♦« o KRA and 

[0004] It is an object of the present invention is to provide the novel ADH wh.ch acts on L-sortjosone to 2-KGA and 
25 has the following physico-chemical properties: 

a) Molecular weight : 150.000 ± 6.000 or 230.000 ± 9.000 (consisting of two or three homologous subunits. each 
having a molecular weight of about 75.000 + 3,000 ) 

30 b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone (PC3Q ) and heme c 

d) Optimum pH : 7.0 to 8.5 

e) InhibHors : Co^*. Cu^*. Fe^*. Ni^*. Zn^*. monoiodoacetate and ethylenediamine tetraacetic acid 
[0005] ItisanotherobjectofthepresentinventionistoprovideaprocessforproducingthenovelADHofthei^^^^ 
as dSned aive. by cultivating a microorganism belonging to the genus Gluconobacter. wh.ch « ^^P^^'e o* P^'^"^^^ 
The ADHhaving the above pr<i)erties. in an aqueous nutrient medium under aerobic conditions, disrupting the cells of 
The m^^rLoSsm aS^^solZ and purifying the ADH from the cell-free extract of 

nanism Yet another object of the present invention Is to provide a process for producing 2-KGA from L-sorbosone utt 
SgThe ?DH ST^^^^^^^^^ invention, which process comprises contacting L-sorbosone with « the ADH. as defused 
aSve in fhe presence of an electron acceptor, or (ii) a microorganism belonging to the genus G/ujnobac/er whic^^^^^^ 
cSaSe o pr^ucing the ADH. as defined above, in an aqueous nutrient medium under aerob.c conditions, or (.n) a ceN- 
TeettractWl .Microorganism, and in each of the oases (i). (ii) and (iii) isolating the resulting 2-KGA from the reac- 

loo"oTi''"^e physico-chemical properties of the purified sample of the ADH. prepared according to the Examples pre- 
sented hereinafter, are as follows: 
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1) Fngyme activrtv 

[0007] The ADH of the present invention catalyzes the oxidation of L^orbosone to a-KGA in the presence of an elec 
tron acceptor according to the following reaction equation: 

L-Sorbosone + Electron acceptor ^ 2-KGA + Reduced electron acceptor 

10008] Theenzymedoesnotworkwithoxygenasanelectronacceptor.Thiswasaffirmedb^ 
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to convert L-sorbosone to2-KGA using oxygen as a possible electron acceptor. Furthermore, no oxygen consumption 
was detected In the reaction mixture as detected with a dissolved oxygen probe. However, any conventional compound 
which has the ability to act as an electron acceptor can be utilized in conjunction with the enzyme of this Invention. DCIP, 
RMS. ferricyanide and cytochrome c are preferred electron acceptors. 

5 [0009] The enzyme assay was performed as follows: 

[0010] The reaction mixture for assaying the ADH activity consisted of 0.1 mM DCIP. 1 .0 mM PMS. 50mM potassium 
phosphate buffer ( pH 8.0 ). 1.0 nM.PQQ, 2.0 mM L-sorbosone and enzyme solution in a final volume of 100 \i\ with 
water, which reaction mixture was prepared just before the assay. The reaction was started at 25*^0 with L-sorbosone. 
and the enzyme activity was measured as the initial reduction rate of DCIP at 600 nm. One unit of the enzyme activity 

10 was defined as the amount of the enzyme catalyzing the reduction of 1 \i mole DCIP per minute. The extinction coeff i- 
cience of DCIP at pH 8.0 was taken as 1 5 mM'*" . A reference cuvette contained all the above constituents except L-sor- 
bosone. 

[001 1 ] The protein concentration was measured with the BOA protein assay reagent ( Pierce Co.. Rockford, IL 61 1 05, 
U.S.A.). 

75 

2) Sutp^trptg ?peQif igity 

[001 2] The substrate specificity of the enzyme was determined using the same enzyme assay method as described 
under 1) above, except that various substrate solutions ( 100 mM ) were used, instead of L-sorbosone. The relative 
20 activity of the ADH for D-glucosone, D-glucose. D-galactose, D-mannose, L-gulose, D-xylose. D-ribose and D-arab- 
inose was higher than that for L-sorbosone. However, the relative activity for D.L-glyceraldehyde was lower than 1 % of 
that for L-sorbosone. These results are presented in Table 1 : 



Table 1 





Substrate specff icity of the purified enzyme 


Substrate 


Relative activity (%) 




L-Sorbosone 


100,0 


30 


D.L-Glyceraldehyde 


<1 




D-Glucosone 


776.2 




D-Glucose 


864.2 


35 


L-Sofbose 


<1 




D-Gaiactose 


949.1 




D-Mannose 


1003.3 


40 


L-Gulose 


684.5 


D-Sorbitol 


<1 




D-Xylose 


1259.7 




D-Ribose 


803.9 


45 


D-Arabinose 


298.9 



3) Optimum pH 

so [0013] The correlation between the reaction rate of the ADH and pH values of the reaction mixture was determined 
by the same assay method as described under 1) above, except that various pHs and buffers were used. 
[0014] The enzyme showed relatively high activity at pH 7.0 to 8.5. as shown in Fig. 1 . 

4^ Thermostability 

55 

[0015] The thermostability of the enzyme was tested by incubating it for 5 minutes at various temperatures In 50 mM 
potassium phosphate buffer ( pH 7.0 ). The residual activity was measured by the same enzyme assay method as 
described under 1) above, after which the treated enzyme was immediately cooled down in Ice water. The enzyme was 
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stable up to 45'»C. but only about 
Table 2: 
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30% of the activity remained after the treatment at 80^0. The results are shown in 



Table 2 



10 



IS 



20 



25 



30 



Effect of temperature on the stability of the 
purified enzyme 


Temperature ('•C) 


Relative activity (%) 


0 


100.0 


25 


89.2 


35 


98.8 


45 


100.0 


55 


44.2 


60 


63.6 


65 


62.8 


70 


47.9 


75 


48.8 


80 


28.7 



10016] in this table the relative activities are expressed as percentages of the activity at 0-C. 
•^) FftfiT? T^ f T"*^' '"""^ ^"^ inhibitors 

,00,7, o, ~ '*rsrr^ts*!:^s<^ - *s 



Tables 



35 


Effect of inhibitors and metals on the activity 
of the purilied enzyme 




Compound 


Relative activity (%) 


40 


None 
EDTA 


100.0 
14.6 




Quinine 


124.4 




KCN 


129.4 


45 


NaNa 


104.6 




N-Ethylmaleimide 


110.8 




Monoiddoacetate 


52.2 


SO 


NaF 


86.7 




CaCl2*2H20 


204.5 




CoClg-eHgO 


76.0 




CUSO4 


0.0 


55 


Fe2(S04)3-xH20 


58.9 




NiS04-6H20 


74.9 1 
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Table 3 (continued) 



Effect of inhibitors and metals on the activity 


of the purified enzyme 


Compound 


Relative activity (%) 


TiCU 


128.0 


ZnCIs 


40.3 


MgCl2 


90.3 



[GDI 8] Each compound was added to the reaction mixture at a concentration of 1 .OmM, except that the concentration 
of EDTA was 5.0 mM. 

[0019] As shown in Table 3, the enzyme activity was stimulated by about 2-foId in the presence of 1 .0 mM of Ca^* . 
IS whereas Co^*. Cu^*. Fe^* Ni^* and Zn^* inhibited the enzyme activity The addition of 5 mM ethylenediamine tetraace- 
tic acid ( EDTA) strongly inhibited the activity. However, the enzyme activity was slightly increased to 124% and 129% 
by the addition of 1.0 mM quinine and 1.0 mM KCN, respectively 

6) Molecular weioht 

20 

[0020] The molecular weight of the enzyme was measured with a size exclusion gel column (TSK-gel G3000 SWXL; 
Tosoh Co., Akasaka 1-7-7. Minato-ku. Tokyo, Japan). The enzyme showed two peaks con-esponding to the apparent 
molecular weight of 150.000 ± 6,000 and 230.000 ± 9,000 on the chromatography On analyzing this enzyme by SDS- 
polyacrylamide gel electrophoresis, it was shown that the enzyme consisted of the homologous subunit of molecular 
25 weight 75,000 ± 3,000 ( Fig. 2). This indicates that the enzyme consists of two or three homologous subunits. 

7) Prosthetic croup 

[0021] The purified. enzyme did not show the catalyzing activity for converting L-soit)Osone to 2-KGA In the basal 
30 reaction mixture without PQQ. However, the activity of the enzyme was restored by the addition of PQQ in the reaction 
mixture or incubating the enzyme with PQQ and Ca^* for 5 minutes. 

[0022] The detection of heme c of the purified enzyme was performed by the reduced-minus-oxidized difference spec- 
trum taken by a UV-VIS recording spectrophotometer ( Shimadzu UV-2200; Shimadzu Co.. Kuwahara-cho 1 , Nishino- 
kyo. Chukyo-ku, Kyoto. Japan). The enzyme was suspended in 50 mM potassium phosphate buffer ( pH 7.0 ) at a 
35 concentration of 50 \iQ /ml and the enzyme of dithionite-reduced form arid ammoniurh persulfate-oxidized form were 
prepared to measure the difference spectrum. The spectrum gave the difference maxima at 552 and 523 nm. as shown 
in Fig 3. The result strongly suggests that the enzyme has heme c as a prosthetic group. 

8) Effect of substrate concentration 

40 

[0023] The velocity of the oxidizing reaction with various concentrations of L-sorbosone.from 1 mM to 8 mM was 
measured to determine the Km value for L-sorbosone. The Michaelis constant was calculated to be 17.8 mM from the 
Lineweaver-Burk plot based on the reaction velocity when DGIP was used as the electron acceptor for the reaction. 

45 9) Purification procedure 

[0024] The purification of the enzyme is effected by any combination of known purification methods, such as ion 
exchange chromatography, gel-electrophoresis, salting out and dialysis. 

[0025] The enzyme provided by the present invention can be prepared by cultivating an appropriate microorganism 
so in an aqueous nutrient medium under aerobic conditions, disrupting the cells of the microorganism and isolating and 
purifying the aldehyde dehydrogenase from the cell-free extract of the disrupted cells of the microorganism. 
[0026] The microorganisms used for the present invention are microorganisms belonging to the genus Gluconobacter 
which are capable of producing aldehyde dehydrogenase as defined hereinbefore. Functional equivalents, subcultures, 
mutants and variants of the said microorganism can also be used in the present invention. 
55 [0027] A preferred strain is Gluconobacter oxydans. The strain most preferably used in the present invention is Glu- 
conobacter oxydans DSM 4025, which was deposited at the Deutsche Sammlung von Mikroorganismen in Gottingen 
(Germany), based on the stipulations of the Budapest Treaty, under DSM No. 4025 on March 17, 1987. The depositor 
was The Oriental Scientific Instruments Import and Export Corporation for Institute of Microbiology. Academia Sihica, 
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15 



ple*s Republic of China. ^^^^eitoH at thP National Institute of Bioscience and 

[00281 Moreover, a subculture oi the Jrain ^^^^^^J^'^^^^^ a ^6^3^ on th^^^^^^^^ of the Buda- 
Human-Technology. Agency of Industrial Sc.er,ce on March 30. 1992. TTie 

3SrTrsubcuJe^.so.o.^^^^^^^ 

IQ029] Furthermore. European aqueoi medium supplemented with appropriate nutrients under 

[0030] The microorganism may be C";*"^^ "^4 0 ^ 9 0 preferably 6.0 to 8.0. The cultivation period 
Urobic conditions. The cultivation may be conducted « pH of 4^0 to^O. p^e^ y ^ ^ ^^^^ 

varies depending on the PH. temperature an^^^^^^^^^^^ 

ferred temperature range for carrying out the as assimilable carbon sources, for exam- 

[0031] 'tis usually requiredthatmecc^^^^^^^^ P,,,«ose. D-glucose 

pie glycerol. D-mann.tol. D-sorb.tol. erythrrtol rtoitol. diaestible nitrogen sources such as organic sub- 

and sucrose, preferably ^-sorbitol. D-— 

stances, for example, peptone, yeast ^'^'^^^^^^^^ forexaS nitrates and ammonium salts. Furthermore, the culture 
substances may also be used as nitrogen phosphate and calcium carbonate. 



20 [0032] 

briefly described hereinafter: 



25 



30 



(1) Cells are harvested from the liquid culture broth by centrHugation or filtration. 

(2) The harvested cells are washed wUh water, physiotogical saline or a buffer solution haV.g an appropriate pH. 
of the microorganism. 

one L rsactoo should W conducted « ^Vr^T* fS;,^^^^^^^^^ Ilka. When «ne pH a« 

IS'te^rJaro,'^™-™^^^^ 

sr^af^M'S-rrri'^a^i^^s^^^^^ 

!™i»zln«an.,™esoena«.,.^^^ 

esoedally for the production of 2-KGA from L-sorbosone. 
45 K The folK^ling Example further illustrates the present .nvention. 
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Example 

Preparatio n of APH 



so 



55 



10038] 

otherwise stated 



inn QT fAun 

Ar..^^ at ftor and the buffer was 0.05 M potassium phosphate ( pH 7.0 ) unless 
All the operations were performed at S-C. ana ine ounei 

e stated. 

(1) Cultivation of Gluconobacter oxydans DSM No. 4025 (PERM BP-3812) 
[0039] G«a.a.o.^.ansDSM4025(FERMB^^^^^^^ 



6 



iCrv-V*ir\ -co ftO0976OA9 I 



EP 0 922 759 A2 



yeast extract. 0.05% glycerol, 0.25% MgS04 • yHgO. 1.75% corn steep liquor. 0.5% urea and 1.5% CaCOa in a 500 ml 
Erienmeyer flask, and cultivated at 30**C with 1 80 rpm for one day on a rotary shaker. 10 ml samples of this culture were 
transferred into 500 ml Erienmeyer flasks containing 100 ml of the same seed culture medium and cultivated Jn the 
same manner as described above. The seed culture thus prepared was used for inoculating 15 liters of medium, which 

5 contained 8.0% L-sorbose, 0.05% glycerol. 0.25% MgS04-7H20. 3.0% corn steep liquor, 0.4% yeast extract and 
0.1 5% antifoam, In 30 I jar fermentor. The fermentation parameters were 800 rpm for the agitation speed and 0.5 wm 
(volume of air f volume of medium / minute ) for aeration at a temperature of 30°C. The pH was maintained at 7.0 with 
sodium hydroxide during the fermentation. After 48 hours of cultivation, 30 liters of the cultivated broth containing the 
cells of Gluconobacter oxydans DSM No. 4025 (PERM BP-3812) by using the two sets of fermentors were harvested 

TO by continuous centrifugation. The pellets containing the cells were recovered and suspended In an appropriate volume 
of saline. After the suspension had been centrifuged at 2.500 rpm ( 1,000 x g ). the supernatant containing the slightly 
reddish cells was recovered to remove the insoluble materials derived from corn steep liquor and yeast extract which 
were ingredients In the medium. The supernatant was then centrifuged at 8,000 rpm (10.000 x g) to obtain the cell pel- 
let. As a result. 123 g of the wet weight of cells of Gluconobacter oxydans DSM No. 4025 (PERM BP-3812) were 

75 obtained from 30 liters of broth. 

(2) Preparation oi cytosol fraction 

[0040] The cell paste ( 55 g ) was suspended with 100 ml of the buffer and passed through a French pressure cell 
20 press. After centrifugation to remove intact cells, the supernatant was designated as the cell-free extract, and the cell- 
free extract was centrifuged at 100,000 x for 90 minutes. The resultant supernatant ( 165 ml ) was designated as the 
soluble fraction of Gluconobacter oxydans DSM No. 4025 (PERM BP-3812). After this fraction had been dialyzed 
against the buffer. 126 ml of the dialyzed fraction having the specific activity on L-sorbosone of 2.26 units/mg protein 
were used for the next purification step. 
25 ' 

(3) Diethylaminoethyl (DEAE)-cellulose column chromatography 

[0041 ] The dialysate (1 26 ml) was put on a column of DEAE-celluIose (Whatman DE-52. 3 x 50 cm; Whatmann Bio- 
Systems Ltd . Springfield Mill, James Whatman Way, Maidstone, Kent. U.K.) equilibrated with the buffer and washed 
30 with the buffer to elute minor proteins. Then a linear gradient elution with NaO from 0.3 to 0.8 M in the buffer was earned 
out. Major enzyme activity was eluted at NaCl concentrations ranging from 0.32 to 0.36 M. The active fractions { 1 16 ml 
) were collected and dialyzed against the buffer. 

(4) DEAE-sepharose column chromatography 

35 - ' ■ ' . 

[0042] A 60 ml portion of the dialyzed active fraction from the previous step was introduced into a column of DEAE- 
sepharose CL-6B ( Pharmacia. 1.5 x 50 cm; Amersham Pharmacia Biotech AB, S-75184 Uppsala. Sweden) equili- 
brated with the buffer. After the column had been washed with the buffer containing 0.2 M NaCI, a linear gradient of 
NaCI from 0.2 to 0.6 M was added to the buffer. The active fractions were eluted at NaCI concentrations ranging from 

40 0.44 to 0.47 M. 

(5) Q-sepharose column chromatography 

[0043] A portion ( 1 3.5 ml ) of the pooled active fractions ( 53 ml ) from the previous step was added with appropriate 
45 volume of the buffer to decrease the concentration of NaCI, and introduced into a column of Q-sepharose (Pharmacia, 
1 .0 by 20 cm ) equilibrated the buffer After the column had been washed with the buffer containing 0.35 M NaCI, a linear 
gradient of NaCI from 0.35 to 0.5 M was added to the buffer. The activities con-esponding to the ADH were eluted at 
NaCI concentrations ranging from 0.39 to 0.40 M, The active fractions ( 30 ml ) collected were ultrafiltrated by an ultra- 
filtrator (Centriprep-10, Amicon; Amicon Inc. Cherry Hill Drive, Beverly. MA 01915, U.S.A.) to concentrate and desalt. 
so As a result, 700 pi of the concentrated active fraction were obtained. 

(6) Native polyacrylamide gel electrophoresis ( Native PAGE ) 

[0044] A 600 nl portion of the. enzyme fraction from the previous step was applied on a native polyacrylamide gel ( 
55 10%. pH 9.4, 10 by 10 cm). The electrophoresis was performed at 30 mA and 4*C for 1.5 hours. The enzyme band cor- 
responding to the active fraction was excised from the gel. and the enzyme was electrically eluted from the gel into the 
Tris glycine buffer (pH 8.3) by using a MAX-YIELD Protein Concentrator (Atto Co., Hongo 1-25-23. Bunkyo-ku. Tokyo. 
Japan) at 10 W and 4**C for 3 hours. The enzyme solution was concentrated 4-fold using an ultramembrane filter (Cen- 
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tricoh-10. Amicon). and the buffer was 

<;nlution was stored at -SCC. . t»u.i« a 

lOM^ A summary of the purification steps of the enzyme .s given .n Table 4. 
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Changed to 50 mM potassium phosphate buffer { pH 7.0 ). Then the enzyme 



Table 4 



to 



15 




20 



25 



30 



(7) Purity of the isolated enzyme 

to"Sr-emo.cu.arwe,htofthenativeenzym^^^^^^ 

[ Size exclusion gel column (TSK g«l G30°0 SWX^ ^lumn. 7^8 x 300 mn^ ) ^^^^ cyanocobalamin ( 1.35 K 

phate buffer ( pH 7.0 ) containing 0.3 M NaCI at 280 "^/"J ^ '^'^J ( 670 K ) were used as molecular weight 

). myoglobin ( 17 K ). ovalbumin ( 44 K ). rglobul^ LI^fn^irr^oTecular w^^ 150.000 ± 6.000 and 230.000 ± 9.000. 
'standards. The purHled enzyme «»^°«^J?° P^^^XteT^^^^^^^ enzyme showed a single band with a molec- 

^wUrT^iiiS^^^^^^ 

(8) Identification of the reaction product ^ OOOSmg) 

10049] The reaction mixture containing the P"'''''^^t"^y;";/5 -^®^^^^^^^^ was analyzed on 

authentic sample of 2-KGA. 
40 Claims 

, An awehyde «h,a.ogen=s, ha.lag the IdWlng ph,sk«H*«*=al p«»er.=, : 

„ ^ ^ : .=0.000 . S,<»0 » -7 ~ " - " 
each having a molecular weight of about 75.000 ± 3.000 ) 



35 



45 



SO 



b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

d) Optimum pH : 7.0 to 8.5 

claim 1 . 
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3. The aldehyde dehydrogenase according to claim 2. wherein the microorganism is Gluconobacter oxydans having 
the identifying characteristics of the strain Gluconobacter oxydans DSM No. 4025 ( PERM BP-3812). 

4. The aldehyde dehydrogenase according to claim 3, wherein the microorganism corresponds to Gluconobacter 
s oxydans DSM NO. 4025 (PERM BP-3812), a functional equivalent, subculture, mutant or variant thereof. 

5. A process for producing the aldehyde dehydrogenase having the following physico-chemical properties: 

a) Molecular weight : 150.000 ± 6.000 or 230.000 ± 9,000 (consisting of two or three homologous subunits. 
10 each having a molecular weight of about 75,000 + 3000 ) 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

75 

d) Optimum pH : 7.0 to 8.5 

e) Inhibitors : Co^*. Cu^*. Fe^*. Ni^*. Zn^*, monoiodoacetate and ethylenediamine tetraacetic acid 

20 which comprises cultivating a microorganism belonging to the genus Gluconobacter, which is capable of producing 
the aldehyde dehydrogenase having the above properties, in an aqueous nutrient medium under aerobic condi- 
tions, disrupting the cells of the microorganism and isolating and purifying the aldehyde dehydrogenase from the 
cell-free extract of the disrupted cells of the microorganism. 

25 6. The process according to claim 5, wherein the microorganism is Gluconobacter oxydans having the identifying 
characteristics of the strain Gluconobacter oxydans DSM No. 4025 (PERM BP-3812). 

7. The process according to claim 6. wherein the microorganism corresponds to Gluconobacter oxydans DSM No. 
4025 (PERM BP-3812), a functional equivalent, subculture, mutant or variant thereof. 

30 

8. A process for producing 2-keto-L-gulonic acid from L-sorbpsone which comprises contacting L-sorbosone with an 
aldehyde dehydrogenase having the following physico-chemical properties: 

a) Molecular weight : 150.000 ± 6.000 or 230.000 ± 9.000 (consisting of two or three homologous subunits. 
35 each having a molecular weight of about 75.000 ± 3,000 ) 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

40 

d) Optimum pH : 7.0 to 8.5 

e) Inhibitors: Co^*, Cu^*. Fe^*, Ni^"^. Zn^*. monoiodoacetate and ethylenediamine tetraacetic acid 

45 In the presence of an electron acceptor, and isolating the resulting 2-keto-L-guIonic acid from the reaction mixture. 

9. A process for producing 2-keto-L-gulonic acid from L-sorbosone which comprises contacting L-sdrbosone with a 
microorganism belonging to the genus Gluconobacter which Is capable of producing the aldehyde dehydrogenase 
having the following physico-chemical properties: 

50 

a) Molecular weight : 150,000 ± 6,000 or 230,000 ± 9.000 (consisting of two or three homologous subunits. 
each having a molecular weight of about 75,000 ± 3,000 ) 

b) Suk>strate specificity : active on aldehyde compounds 

55 

c) Ck)factors : pyrroloquinoline quinone and heme c 

d) Optimum pH : 7.0 to 8.5 
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e) Inhibitors : Co^*. Cu^ Fe^*. Ni2^ Zn^\ monoiodoacetate and ethylenediamine tetraacetic acid 
in an aqueous nutrient medium under aerobic condHions. and isolating the resulting S-keto-L^ulonic acid from the 
reaction mixture. 

characterisllcs ol the slrain Gluconobaaer oxyda/is DSM No. 4025 (PERM BP 38ii|. 

hyde dehydrogenase having the following physico-chemical properties: 

a) Molecular weight : 150.000 ± 6.000 or 230.000 ± 9.000 (consisting of two or three homologous subunits. 
each having a molecular weight of about 75.000 ± 3.000 ) 

b) Substrate specificity : active on aldehyde compounds 

c) Cofactors : pyrroloquinoline quinone and heme c 

d) Optimum pH : 7.0 to 8.5 

e) inhibitors : Co^*. Cu^^ Fe^*. Ni^*. 2r?\ monoiodoacetate and ethylenediamine tetraacetic acid 

and isolating the resulting 2-keto-L-gulonic acid from the reaction mixture. 

1 3. The process according to claim 9. wherein the -'^rga^^^^^^^^^ '"'"^ 
characteristics of the strain Gluconobacter oxydans DSM No. 4025 (PERM BP 38iz). 

14 The process according to claim 1 0. wherein the microorganism corresponds to o^dans DSM No. 

ISJs [SrM BP 3812). a functional equivalent, subculture, mutant or vanant thereof. 
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Fig. 1 

Effect of pH on the activity of the purified enzyme 
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Q i ' I ' I ■ 1-1 I 
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pH 

• — 50inM Potassium phosphate 

— o — 50mM TriS'HCl 



a) Data are expressed as a percentage of the activity at pH 8.0 of 
potassiiim phosphate buffer. 
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Fig. 2 

SDS-PAGE analysis of the purified enzyme 
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75.0 ± 3.0 kDa 




lane 1- Molecular weight standards: phospholylase B, 97.4k; bovine 
serum albumin, 66.2k; ovalbumin, 42.7k; bovine carbonic 
anhydrase, 31.0k. 

lane 2: The purified enzyme treated with SDS. 
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Fig. 3 
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purified enzyme protein. 
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above properties, in an aqueous nutrient medium under 
aerobic conditions, disrupting the cells of the microor- 
ganism and isolating and purifying the aldehyde dehy- 
drogenase from the cell-free extract of the disrupted 
cells of the microorganism. 2-Keto-L-gulonic. acid (2- 
KGA) can be produced from L-sorbbsone by contacting 
L-sorbosone with (i) the aldehyde dehydrogenase in the 
presence of an electron acceptor, (ii) a Gluconobacter 
microorganism capable of producing the aldehyde 
dehydrogenase In an aqueous medium under aerobic 
conditions or (iii) a cell-free extract of said microorgan- 
ism, and in each case isolating the resulting 2-KGA from 
the reaction mixture. 
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